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PERFORMANCE 1 * C ONS IDERATIQNS IN 
LONG-TERM . SPACE PLIGHT 

Maintenance of skilled performance during extended space- 
flight is of critical importance to both the health and safety of 
crew members and to the overall success of mission goals. An exami- 
nation of long-term performance requirements is therefore a factor 
of Im'rrlense* importance VC th'e 'planning of future missions. The 
fallowing chapter gives coverage to a number of important factors 
* related to, this issue: definition of performance categories to be 

t 

t 

investigated, methods for assessing and predicting performance 
levels, in-flight factors which can affect performance, and factors 
pertinent to the maintenance of skilled performance. 



I 


Performance definitions 

In long duration space flight, work is the significant factor 

* 

determining lifestyle. It is ..both complicated and varied. A funda- 
mental question to begin With is what are the work requirements of 

A r 

the astronaut and bow can we conceptualize the astronaut within an 
integrated human-machine complex' Reduced to its most general form, 
the astronaut is responsible for the following tasks (1): 

a. monitoring and control of the operation of onboard systems 

b. control of spacecraft movement in performance of various 
dynamic operations (orientation, stabilization, approach, 
docking, orbital correction, descent from orbit, landing) 

c. conduct of radiocoramunication -and television reporting 

d. conduct of visual observations, conduct of scientific 
experiments and investigations 
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e. assembly and disassembly of individual units of- the 
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craft, performance of various operations outside the - * 

spacecraft 

f, operation of special gear 

g. carrying out onboard documentation 

However simplified this listing may be, it does serve the 
purpose of- empha-s-iting-the •complexity- and diversity of work re- 
quirements imposed upon the astronaut. This point is further 
‘demonstrated by the fact that the complexity cf missions to date 

t 

has increased considerably at each stage of flight both in terms 
of the number of required tasks and by the engineering require- 
ments the astronaut must master to successfully complete the 
mission goals. Table 1 issustrates the increased number of control 
panel -and display characteristics which have developed across the 
various flights qf the U. S. manned space program. As the number of 
mission requirements increases, the benefits of multi- trained crews 
with specific, but overlapping responsibilities increases. With the 
advent of the Space Shuttle ..Program, we see the first real instances 
of crew responsibilities in which specific division of team members 
received training and are responsible for specific mission tasks. 
Previous flights have -relied much more on overlapping and multi- 
task crews in which everyone basically received similar training to 
execute specific tasks. Now we are faced with the additional complexity 
of monitoring and evaluating performance characteristics of astronaut- 
pilots, astronaut-scientists and eventually personnel in other cate- 
gories of mission task allocation. These facts 'place investigators of 
performance capacity in a very difficult position, since the criteria 
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Spacecraft 



— 


Apollo 


Skylafa 


Device characteristic 

Mercury 

Gemini 

Com* 

maud 

module 

Lunar 

module 

. 

Com- 

mand 

module 

Orbital assembly module 




Multiple 

docking 

adapter 

Airlock 

Orbital 

workshop 

Paa«l* - , 

Work stations 

\ - 

»— e* 

! 

7 

' 2 

28 

*• V 


26 

“•5 

31 

3 

58 

4 

74 

8 

Ciutwil elements (total) 1 

96 

286 

721 

378 

760 

350 

694 

363 

Circuit breakers 

(20) • 

107 

264 

160 

256 

19 

307 

214 

Tog&e switches 

56 

123 

326 

144 

372 

239 

326 

88 

Pushbutton switches *• 

. 8 

20 

13 

7 

15 

12 

0 

0 

Muki position rotary switches 

6 

t»9 

21 

16 

19 

50 

32 

32 

Continuous rotary switches 

3 

0 

35 

21 

36 

17 

3 

9 

Mechanical devices 

3 

13 

57 

26 

57 

7 

35 

18 

Unique devices 1 * 

2 

4 

s 

4 

5 

6 

1 

2 

Display elements (total) 1 

45 

68 

131 

144 

152 

222 

323 

116 

Circular meter* 

16 

7 

24 

6 

23 

1 

0 

2 

Linear meters 

0 

25 

33 

25 

33 

14 

64 

42 

Digital readouts 

3 

14 

13 

13 

19 

20 

1 

18 

£veat indicators 

19 

16 

47 

96 

68 

182 

258 

50 

Unique displays 4 

7 

6 

9 

4 

9 

5 

0 

4 

Inflight measurement points 1 

100- 

225 

475 • 

473 

521 

918 

521 

231 

Telemetered 

85 • ‘ 

202 

‘336 

279 

365 

918 

52L " 

230 

Displayed on Board 

53 

75 

280 

214 

289 

167 

129 • 

30 

Caution and warning 

Input 

9 

10 

64 > 

145 

61 

97 

91 

8 

Analog signal 

' 9 

10 

42 

45 

33 

2 

07 

2 

Discrete signal 

4 0 

0 

22 < 

100 

28 

95 

4 

6 

Output 

9 

10 

35 . 

34 

35 

13 

38 

8 


1 Numbers for each program vary, depending on particular spacecraft. 

* Fuses, not circuit breakers, used in Mercury. ■. 

* Three-axis hand controllers, computer keyboards, etc. 

4 Flight director attitude indicator, computer displays, entry monitor, cross points. 


were: 

the principle that there would be redundant 
means available to accomplish all critical 
functions; 

the need to have available both on-board and 
ground data concerning the status of con- 
sumables; 

the need, with intermittent communications, 
to maintain a common time reference with 
the ground control system to control mission 


sequences and the istrofire maneuver, which 
initiates ballistic entry. 

To save weight and power, attitude was dis- 
played on a meter with three movements: a hori- 
zontal needle moving in the vertical plane for 
pitch and two vertical needles (one at the top and 
One at the bottom) moving horizontally to display 
yaw and roll. Attitude rates were displayed on 
separate movements arranged around the attitude 
indicator. 
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to evaluate performance must*be diverse and therefore probably 
frequently contradictory . Attempts to define the performance evaluation 
criteria of operators in other work situations have been frougbt 
with problems. For the astronaut there are at least two basic 
differences from other operators which make this evaluation even 
more difficult. First, the astronaut works under unusual environ- 
mentol-oondition-e- (ieolati-on, -confinement > weightlessness, etc.) 
and secondly, the operator functions frequently are not an end in 
* themselves, but rather prerequisites for the conduct of scientific 

l 

research, data collection and management, etc. As a result, comparison 
of the astronaut to operators under other conditions within business 
and industry is difficult at best. Huwever, there are some universal 
similarities among all operator behaviors which do unite research 
from various areas of human factors, ergonomics, and other broad 
approaches to the study of human performance under corny lex and 
variable conditions. Several ^investigators (3, 4 ) have attempted 
to detsign a taxonomy of operator behaviors with varying degrees of 

♦ r 

success, One widely used Hating comes from the work of Berlinger, 
Angel 1, and Shearer ( 4 ) a shown in Table 2. The purpose of such 
a scheme is to analyze what functions operators perform in a system 
. as a basis for -task analysis. For our purposes it gives a broad over- 
view of the types of behavior performance measurement available and 
offers a beginning point for a discussion of the various approaches 
to performance assessment. 

Methods For Assessing Performance 


The assessment of performance under space flight c nditions 


<1 

» 


j 


- .■■ jV'V- 

' ? - • , r ’ . - . ** » : w V** ■> «£• 

Troccsjes 









.'»$ ’ ,HH^-- or Dimension 

iS^gi fSssjii >« ; ii zkZJ3s£ 


1. perceptual procc ,;-es 
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ActiV-ticv 


1.1 Searching for an. 1 
| receiving information 


Specific Behavlora 

/l.l.l Detects 

1.1.2 Inspects 

1.1.3 Observes 

1.1.4 Reads 
Receives 
Scans 
Surveys 


X . Jk . J 

< 1.1.4 

1.1.5 

1 . 1.6 

'1.1.7 


1.2 Identifying objects, 
actions, events 


1.2.1 Discriminate* 

1.2.2 Identifies 
LI. 2. 3 Locates 
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processing 


2. Mecliational processes 


1 2.2 Problem solving end 
decision-making 
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4. Motor processes 


U>? Comp lex/ t inuous 


2.1.1 Categorizes 

2.1.2 Calculates 

2.1.3 Codes 

2.1.4 Computes 

2.1.5 Interpolates 

2.1.6 Itemizes 

. 2.1.7 Tabulates 
'2.1.8 Translates 


f 2.2.1 Analyzes 

2.2.2 Calculates 

2.2.3 Chooses 

2.2.4 Compares 

2.2.5 Computes 

2.2.6 Estimates o 
v 2.2.7 Plans 

3.1 Advises 

3.2 Answer's 

3.3 Communicates 

3.4 Directs 

3.5 Indicates 

3.6 Informs 

3.7 Instructs 

3.8 Requests 
\ 3.9 Transmits 

/ 4.1.1 Activates 

4.1.2 Closes 

4.1.3 Connects 

4.1.4 Disconnects 

4.1.5 Joins 

4.1.6 Moves 

4.1.7 Presses 

4.1.8 Sets 

4.2.1 Adjusts 

4.2.2 Aligns 

4.2.3 Regulates 

4.2.4 Synchronizes 

4.2.5 Tracks 


4 
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has been of scientific interest for at least two reasons. First, 
assessment has been needed to determine whether tasks conducted in 


space are executed via successful methods. For example, it is 
necessary to know whether astronauts are operating at an efficient 


level assuring safety and maximum probability of success. This re- 
quires having some estimate -of how astronauts should be expected 
to operate- under^-spaceflight -conditions (perhaps through pre-flight 
simulations or inter-flight comparisons) and using this as a com- 
parison of current in-flight performance levels in determining 
* 

f 

important mission procedures and goals (e.g., is the astronaut 
functioning adequately to attempt an extra-vehicular activity on a 
particular day?). In this particular case the assessment of per- 
formance is important in its own right as a measure of the current 
physiological and psychological capabilities of the crex*. As we shall 
later see there are any number of factors xvbicb could affect a decre- 
ment in these conditions and .possibly jeopardize the success of 
particular work endeavors. Another important aspect to the assessment 
of human performance under spaceflight conditions is the need to 
investigate how different spaceflight conditions (i.e., weightless- 
ness, sleep deprivation (6), isolation and confinement, etc.) may 
affect performance* In this respect, performance levels can be 
thought of as a dependent variable against which to measure the re- 
lative effects of externally and internally imposed stressors upon 
the human operator. In this respect, we need to evaluate the use of 
methods which will be appropriately sensitive to these various 
potentially hazardous conditions and employ therft 1 in a way which 
allows us to investigate the method of action of' these stressors. 

Thus in one case, knowing the level of performance is important in 
its own right in evaluating the health, safety, and capability of the 
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crew. On the other hand, the ability to measure changes in per- 
formance level serves as a valuable tool by adding to our under- 
standing of how certain spaceflight conditions operate to influence 
human performance. 

An understanding of performance assessment has also been im- 
portant at different stages of mission planning. For example, per- 
formance assessment has been necessary prior to flight as a means 
of determining engineering and craft habitability constraints. An 

m 

evaluation of , human performance has lead to many guidelines in tee 

< 

layout and structural composition of spacecraft living and working 

quarters (5> 6) as well as instrument and control panel designs 

(7, 8). Performance assessment has been an integral part of the 

training of astronauts and the determination of their readiness for 

flight (9, 10, 11, 12). It has also been important in the selection 
* 

of astronaut candidates as a basis for assessing apaceflight ca- 
pability (13, til, 15). Indeed*, the measurement of performance has 
been one of th,e most important characteristics of our entire space 
program and intimately involved with all aspects of flight endeavor. 
Given the monumental importance of this fact, what are the present 
capabilities of our assessment tools and what are the factors re- 

• n 

quiring further development? 

The range of assessment techniques can perhaps be best analyzed 
by conceptualizing them as a dimension varying in face validity with 
respect to actual mission conditions with single task minimally re- 
lated techniques at one end. and actual in-flight, operational con- 
dition techniques at the other. Intermediate to these two end points 
we could include multiple-task performance batteries and full-scale 
simulation operations. The following sections detail these general 
categories. 
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Single Task Assessment Techniques 
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The use of test batteries that consist of a number of 
appropriately selected or designed individual tasks has several 
advantages in studying the effects of various factors on per- 
formance. Generally, they are relatively low-cost, and performance on 
each individual instrument can be assessed rather exactly. Performance 


on sue*) tasks-should be general! zabl-e to other conditions in which the 

tasks are employed with varying degrees of success depending upon the 

•following qualities (j[tja^l6)s 
» 

a. the availability of a taxonomy of the tasks that go to 
make up complex performances in. operational systems 

b. a task analysis of specific systems in terms of this 
taxonomy 

c. appropriate weightings of the representational tasks in the 
test battery in accordance with their relations with the 
taxonomy and task analysis 

w'hile it is not possible bo discuss all of the psychological tasks 

I * 

which are used to measure performance under varying conditions, it is 
possible to describe several broad categories of measurement out- 
lined by Ruff (17), which are typically represented in varying degrees 
in different test batteries which have evolved. The following sections 
also provide examples of particular relevance to spaceflight con- 


ditions . 

Perceptual Tests 

Threshold . The intensity at which a stimulus can be perceived 
or different stimuli from the same dimension cat) be differentiated 
is an important aspect of performance measurement. In designing 
control displays of an audio or visual nature such information can 
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be useful in dot emitting cnt’ifopA desigru Such measurements are 
also of value given the potential chances in visual acuity which 
may result during space flight (to be discussed later in this 
chapter) . 

Critical flicker fusion . This technique involves the measure- 
ment of the frequency at which a subject judges an intermittently 
flashing light- as- a- steady one* Thisr-particular measurement has 
proven useful in detecting performance change during prolonged 
periods* of stress (1 8 ) and under conditions favoring the develop- 

* I 

ment of anxiety ( 19 / 20). Such tests have been useful in studies of 
long-term confinement and isolation and the effects of varying 
degrees of workload. 

Perceptual speed . The degree to which subjects can process 
. information and respond is or use in evaluating mental workload 
capabilities loading on attention, concentration, scanning, etc. 
Thurstons' s random number task serves as an example. IHre the subject 
is presented with two pages of numbers taken from a table of random 

i « 

numbers. The left-hand numbers of each row is circled. The subject's 
task is to cross out each digit in a rov; that is like the one circled 
in that row. Perceptual speed tasks are useful in assessing the 
operator's ability to rapidly scan and respond to visual information. 
Data from such tasks offer some generality tc the monitoring and 
response to flight control panels in flight. 

Perceptual retention . The task of the subject using these measures 
is to. retain the maximum number of units from a series of stimuli. /'-v 
Typically, an auditory digit retention span task "is used such as the 
Digit Span subtest of the Weehsler Adult Intelligence Scale: lists of , 
increasing length are read and the subject must repeat them both 
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forward and backward. Such tasks load on short-term memory 
processes and concentration and are useful in assessing sensitivity 
to stress. 

Vigilance . Vigilance tasks typically require continuous 
monitoring of a display panel or other devices with periodic 
responses required. Mackworth’s (21) technique involves a clock 
hand 1&ut. usually, move a. in .single stops, but occasionally gives 
a double jump. The subject responds only to the double jump. 

Vigilance tasks have frequently been used in researoh supported 
by NASA and the armed forces because of its similarities to the 
monitoring of radar and oontrol equipment. Vigilance tasks are 
the standard techniques used in assessing the effects of monotonous 

task repetition and the effects of fatigue. 

'Discrimination . Discrimination tasks have involved any number 
of visual (e.g., color, brightness, etc.), auditory (e.g., pitch, 

i * 

tone, frequency, etc.), and even kinesthetic (e.g., textures, 
shape, etc) comparisons as a means of assessing acuity along those 
dimensions.. Generally the subject’s task is to compare one or more 
stimuli from the same dimension and make a same-different, more-less 
judgment. These tasks appear particularly useful in assessing sensory- 
, perceptual alterations which may in turn be associated with performanc 
decrements . 

Motor Testa 

Steadiness . Ruff mentions at least one test within this cate- 
gory. It entails the ability of a subject hold a stylus in holes 

of decreasing diameter without touching the edge^ Measure of body 
sway (22, 23) are also listed as indicators of steadiness. Such 
techniques are not routinely used in performance batteries, but can 
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prove useful in predicting performance in which either ’fine motor 

control or balance may be impprtant factors. 

Tracking. A frequently used technique in many performance 
studies is the use of the rotor-ary pursuit task. Here the subjects 
attempts to maintain constant contact between a stylus held xn 
their hand and a click on a rotating turntable .. This instrument 
is corOToniy trffed" Tr to‘ assess" “coSrdination and precision of motor 
behavior under conditions where speed is important. 

Coordination. This task emphasizes speed and precision of 

j. i ^ J 

motor behavior. One 'commonly used technique involves the Purdue 
Pegboard. Here the subject must complete serial assembly of small 
objects on a perforated board. Mirror drawing is another frequently 
used task. The subject must follow, with a pencil, a pathway of 
parallel lines in the shape of a six-pointed star. However, tney 
can observe their, progress only by looking at a mirror image of the 

Png • 

Perceptual-Motor Tests ^ 

Reaction time . Reaction time measures ore among the most 
frequent in studies of performance as they are representational ‘ 
of the subject's alertness and capacity for reaction to potentially 
* important situations. In "simple reaction time experiments, subjects 
give a single response to a single stimulus. This situation can be 
expanded to require subjects to choose a proper stimulus before 
reacting. Complex reaction time has generally been found to be more 
sensitive to a variety of conditions. 

Cognitive Tests 

Problem solving . A wide range of tests can be said to fit this 
category , including arithmetic operations, problems In inductive and 
deductive logic, and tasks in which conclusions must be drawn from 
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visually or auditorally presented problems. Certainly, problem 
* solving ability is one of the most important aspects of aerospace 
performance to be mertsured, but also one of the most elusive and least 
generalizable. 

Concept formation . This category of tasks requires, in some 
way, that subjects search for common elements in a series of stimuli 
and- form appropriate generalizations-.- An. example from Ruff is the 
Wisconsin card-sorting task in which four stimulus cards and 64 

* response cards are presented to a subject. Each card boars one to 

/ 

four identical figures of a single color and the task of the subject 
is to sort them according to number, form, or color. After each 
response, they are told whether they are right or wrong with the 
concept rule changed after 10 consecutive correct responses. Per- 
. formance on tasks similar to this have been shown to be adversely 
affected by factors which distract concentration such as noise, 
sleep loss, etc. » 

Conditioning and learning . This category represents a large number 

..... */ 

of tasks involving both classically and operantly conditioned be- 
haviors as well as those involved in memory and retrieval processes. 
Subjects may be required to lea’n lists of nonsense syllables or to 
v associate different responses to different .verbal or non-verbal 
stimuli. Both the rate and amount of learning, as well as the re- 
tention of the learned material can be used as measures of performance, 
as affected by many physiological and psychological considerations. 

Flexibility tests . The necessity- of altering a previously 
learned set is a component of many tasks that measure primarily 
sensory or motor functions containing some cognitive functions. One 
such task is the BOurdon-V/iersma Stipple Test, in which subjects are 
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presented with horizontal rows of three-, four-, and five-dot 
clusters. Subjects are first required to place a horizontal line 
through five-dot clusters and a vertical line through four-dot 
clusters. After 20 lines, the Instructions are reversed. Measure- 
ment of decrease in speed and increase in errors on the second and 
any subsequent instructions compared to the original condition 

yields an* -index -ef -rigidity • 

Oogni tive-Information Proc essing Tests 

Most recently, developments in the newly emerging and synthe- 
sizing fields of cognitive psychology and information processing 
have suggested new possibilities for conceptualizing and measuring such 
factors as memory, recognition, concept formation, etc. A number of 
the tasks are based on the use of reaction time as the dependent 
variable and revolve around measurement of classifications or rule 
learning models . While a review of these theories and modeliji 
beyond the scope of this chapter, work by Anderson (2l|), Dull £**)» 

Atkinson and , Schiff rin (26) and many others demonstrates that cognitive 
psychology?- information processing models of intellectual performance 
does offer some significant advantages over previous measurement 
attempts. These studies suggest that specific cognitive components of 
„ performance (in contrast- to motoric functions or overall task per- 
formance) can be isolated, providing the advantage of investigating 
them in their own right independent of interactions with other 
response output requirements. Furthermore, components exemplified by 
storage, encoding and retrieval processes, conceptual and episodic 
memory, short and long-term memory functions bs’fre been shown to bo 
affected in previously unexpected ways by such factors as age (27, 
drugs (29, 30), and mental retardation (31). Little if any research 







assessing the potentially Stress producing factors relevant to space 

flight. One study of bedrest stress conducted by Rothstein (32) will 

serve to clarify some of the performance tasks suggested by this 

new field. Rothstein employed four tasks to measure various aspects 

of the subjects' cognitive processing abilities as described below; 

•5r» jC-tem- Recognition * • On each -trial, the subject is pre- 
sented with a memory set of between one and five consonants. 

The number of consonants in the set varies randomly from 
trial to trial. Following the memory set, the subject is 
presented with a test consonant. If this test stimulus 
was a member of the previously defined memory set, the sub- 
ject is to makb a "yes" response with her 'his dominant hand; 
otherwise s/he is to make a "no" response with her' his non- 
dominant hand. The principal dependent variable of concern 
within the test battsry is the slope of the best-fit linear 
function relating RT (Reaction Time) to the size of the me- 
mory set (i.e., the number of consonants in the memory set) 
for both "yes" and "no" responses. This is taken as a mea- 
sure of memory retrieval processing time (33). 

2. Visual Search . On each trial the subject is first given 
a target consonant. Following the target, the subject is 
presented a display set of between one and five consonants 
(test stimulus). If the target is a member of the test sti- 
mulus, the subject Is to respond "yes", othersie s/he is to 
respond "no". 

The, principal de^^ndent variable within the test bat- 
tery for this task is the slope of the best-fit linear func- 
tion relating RT to display set size (number of consonants 
in the display set). 

The Interpretation of the slope parameter in this task 
represents the time taken to carry on a visual comparison 
between a representation of the display item and the memory 
representation of the target (for further details see re- 
ferences 34-36). 

3. Category Recognition . On each trial the subject 
is presented with between one and three category names which 
s/he is to remember for the trial. Examples of category 
names are; FABRICS, and TOOLS, Following the memory set, 
the subject is presented with a potential exemplar (test 
stimulus) of one of the categories. For example, BASEBALL 
is a potential exemplar. If the potential* exemplar is a 
member of one of the categories of the memory set (i.e., 
is in fact an exemploar of one of the categories), the sub- 
ject is to respond "yeB"; otherwise s/he is to respond "no". 
Test stimuli which are not members of one of the memory 
set categories (negative exemplars) are selected from ca- 
tegories not in the memory set. For example, if the memory 
set consisted of FABRICS, FRUITS, and TREES, then the follow* 
ing potential exemplars should properly be given a "yes" re- 
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ponse: ELM, APPLfi, COTTON, WOOL, OAK* For the same memory 

set the following potential exemplars should properly be 
given a ’'no" response: BASEBALL, BRIDGE, HAMMER, PASTURE. 

The slope of the best-fit linear function of RT from 
memory set size (number of categories in the memory set) 
is the dependent variable of primary concern within the bat- 
tery. This slope represents category retrieval and com- 
parison time ( 37 ). 


4* Analogy.. Teat. . The test stimulus for each trial 
of the analogy test consists of the four terras of a verbal 
analogy. The analogy may either be true or false. An 
example of a true analogy is: SMALL: LARGE :: LIGHT: HEAVY. 

An example of a false' analogy is: CHILD: ADULT :: COLT: BURRO. 

If the test analogy is ture, the subject is to respond 
"tura" by pressing the response button of his dominant 
hand; otherwise s/he is to respond "fale" with the other 
badn.. 

Preceding (the test stimulus, the subject always sees 
a cue. The cue contains either zero, one, two, or three 
terms of the upcoming test analogy. The subject is to ob- 
tain as much information from the cue as s/he can before 
seeing the test stimulus. For example, in the condition of 
a 1 tens cue. the subject would see: CHILD:. For the con- 
dition of a & term cue, the subject would see: CHILD: ADULT: : . 

For the condition of a 3 term cue, the subject would see: 
CHILD: ADULT :: COLT:. 


The analogy task, unlike the other tasks, of the bat- 
tery, provides several diverse processing parameters. The 
differences in RTs between the zero and one cue conditions 
represents the time taken to encode a first analogy term 
and retrieve its meaning, from semantic memory. (In general 
the greater the number of terms in the cue, the faster will 
be the RT to the test stimulus.) The differences between 
RTs in the one cue and two cuo conditions represent the 
time taken to retrieve the meaning of the second term and 
abstract a relationship between them. The difference in 
times between RTs in the two and three term conditions re- 
present the time necessary to retrieve the meaning of the 
third term and to apply the relationship abstracted from 
the first two terms to it, to obtain an expected semantic 
content for the fourth term and to compare it to the mean- 
ing of the fourth term. The analogy task also offers a 
plethora of other processing parameters because the RT to 
complete processing of the cue can also be recorded and 
analyzed. 


if#! 

mm 


Unfortunately, due to methodological and procedural difficulties, 
Rothstein did not obtain any data which aignif icantly discriminated 
between stressed bedrest subjects and controls, nonetheless, this 
type of cognitive performance approach deserves further consideration 
as it represents an area of considerable heuristic and theoretical value 
It is recommended that further studies of this type be implemented 
to •betier-^aseess-the validity-, reliability, and usefulness of this 
new approach to the understanding of human cognition. 

* 

r 

Comments On Single Task Assessment 
Technique r '. 

While the single task assessment approach has been the method of 
choice in many laboratory studies (particularly those wishing to 
a-ssess the effects of a single factor on a single aspect of per- 
formance) there are certainly^ several distinct disadvantages in the 
wholesale use of these techniques with regard to the astronaut 
operator. First, their is the issue of face validity, generally minimal 
in this case. We have no assurance that the factors assessed using 
these measures really have direct correlates to the actual in-flight 
performance of • astronaut-s . Furthermore, it is questionable to what degree 
the results of such methods can be generalized to real operator con- 
ditions. We may also question the sensitivity of such single task in- 


struments. The level at which some independent variable may affect a 
change in performance under these conditions may be considerably 
different than prevalent under operational conditions. These tasks 
are best used in settings where there is a specific question regarding-; 
the effect of some isolated variable upon a given aspect of performance 
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They can b© useful in at least indicating the direction in which 

* 

more sophisticated techniques should be directed, but are probably 
of only minimal value when used individually, at least with respect 
to quantifying the probable levels of performance under genuine 
operational conditions. 

At least two possibilities exist for enhancing the usefulness of 
these-meaaures. -First, -as-Flei-shman-{38), Parker (39) and others have 
pointed out, the maximum utility of these measures can be obtained 
•through factor analytic analysis to determine which tests are 
pertinent to the features of the more complex operational task 
system. By selecting those tasks which have elements in common with 
the operational condition, the likelihood of obtaining relevant, 
generalizable data can be increased. Unfortunately, this still leaves 
the investigator with the problem of defining the specific task de- 
mand characteristics of the real work environment, no easy task it- 
self. 

* 

Certainly, one important feature of the operational condition 
* «• 

which is lacking in the use. of those sequentially administered tests 
is. the multi-task, concurrent demand, time-sharing requirements of 
the work environment. Some investigators have attempted to deal with 
this problem by combining two or more of these tests into a concurrent i 
task situation. This does seem to enhance the sensitivity of the 
tests (4:;). For example, Finkelman and Glass .(41 ) employed a dual- 
task methodology requiring simultaneous performance of a primary task 
(tracking) and a secondary task (recall). They found that unpredictable^: 
uncontrollable noise produced decrement in the fubsidiery task, but _ . 

not in the primary. Likewise, Bell (42) found that using a tracking 




task and a number processing .subsidiary task, that noise and/or 
heat had detrimental effects on the subsidiary task* but not on 
primary task performance. The basic notion behind these findings 
is that subjects have only a limited capacity to process and 
respond to environmental information. Concurrent tasks can be per- 
formed adequately as long as sufficient ability exists for monitoring 
relevant information. However t .when some stressful condition in the 
environment reduces the subject’s ability to allocate resources to 
the tasks, the focus of effort will shift to the primary task to the 
decrement of the secondary task. Thus, performance may deteriorate 
on the less important task while remaining unchanged w .th the primary. 


Such findings represent more the norm in operational conditions. 

However, we are still faced with the issues of task face- and content 

validity . 

In developing an assessment program for long-duration space travel 
\ * 

the role of these single variable tests should probably be relegated 

f 

to situations where only a specifio environmental factor is being 
considered. They can probably be most helpful at lower level of the 
assessment process in reflecting conditions which can be more effectively 
researched using other techniques and thus giving direction to how 


higher level investigations should proceed. ^ It is recommended that 
factor analytic studies be used to clarify which specific tasks or 
task features are most relevant to the operational condition in 
question. If used, some type of concurrent task system is probably 
desirable . 


■c* 

Multiple-Task Batteries 


\ 



In efforts to minimize the disadvantages of the single task 


methodology, various investigators have developed a bat.tery 

approach to the study of performance. Alluisi ( 4 - 3 ) describes 

ono such attempt which will serve as an example for our purposes. 

Alluisi describes this technique as a "synthetic work" arrangement 

rather than a "simulated work" system. The distinction lies in the 

fact that various tasks with potentially low face validity with 

respeqt to, operational .conditions are combined into a time-sharing 

work environment requiring performance durations more similar to 

.those of operational conditions than the single-task approach, but not 
» 

as directly comparable to the full simulation approach (to be dis- 
oussed in a following section). The advantages of the synthetic work and 
multiple-task performance batteries lios in the potential for high 
content validity and relative exactness of measurement. Also, in- 
formation relevant to a wider range of abilities can be acquired 
simultaneously, minimizing the difficulties of cross-experimentat .on 

confounding often cited as a problem when different subjects in 

* 

different experiments perform different tasks. 

The performance functions assessed in the multiple-task per- 
formance (MTP) battery reported by Alluisi are consistent with the 
broad categories outlined in a preceeding section. They include the 


following: 


1) watchkeeping, vigilance, and attentive functions, in- 
cluding the monitoring of both static (discrete) and dyna- 
mic (continuous) processes 

2) sensory-perceptual functions, including the discrimina 
tion and identification of signals 

3) memory functions, both short -and long-term 

Zf) communication functions, including the reception and trans . 

mission of information . . . 

5) intellectual functions, including information processing, 
decision making, problem soliving, and nonverbal mediation 

6) perceptual-motor functions, especially to the extent that 
special skills such as aiming, tracking, swimming, driving, typ- 
ing, and similar motor skills are necessary to the operation oi 

7^ Q nrocedural functions that include such things are interper- 
sonal coordination, cooperation, and organization. 
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-These seven areas are represented either directly or indirectly 
in the sex tasks which compose the MTP battery. Individual tests 
include the following} 1) arithmetic computations, auditory vigi- 
lance, code-lock solving, probability monitoring, target-identifi- 
cations, and warning-lights monitoring. While a range of flexible 
programming sequences are available to permit different degrees of - 
workload dem^ndsT' duration of "testing, etc., an example of one 
measurement sequence is shown in Table 3 below as discussed by 
Adams, -Levine, and Chiles (1)4). The KTP battery outlined by Alluiai 
has been used to investigate a wide range of variables of potential 
impact to the crew of space crafts: work-rest cycles, circadian 
rhythm desynchronosis, sleep loss, confinement, etc. (45, 4&, 47, 
48) and can be potentially extended to others. This particular 
‘ approach to performance assessment would seem to be most useful 

in the selection. -and training of astronauts. It is less expensive 
* 

than full scale simulation systems and permits more than a single 


individual to^be measured at a given time. It yields a maximum of 
information regarding the subject's performonce capabilities on 
several psy chophy siological dimensions and can be used to investigate 
a range of environmental conditions. However, there is still a lack 
of face validity and direct comparisons to ‘ operational conditions 
are not entirely justifiable. The actual training of space flight 
crews will necessitate the development of simulators, the only real 
condition permitting accurate face validity. This approach is des- 
cribed in the following section. 


Partial and Full-Scale Simulation 
Full-scale, integrated, mission simulation provides the 
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highest degree of fidelity -possible in the simulation of true I 

operational conditions. It is, particularly Important in space I 

mission design because unlike other training settings, there is 1 

little opportunity for a graduated series of practice efforts under 1 

true operational conditions before the mission actually takes place. 

Crews for space missions must be completely trained and highly pro- 
ficient in* tfi&iiT talks' before" the flight. As a result, it is im- 
perative that high fidelity systems, both partial and complete, bo 
‘available, for training on specific and more integrated aspects of the 

i 

mission. The use of’ simulator systems has been an integral part of our 
manned space effort to date. Beginning with the Mercury Program (J,|9, 

^0) dependence upon high fidelity simulation prograras has been a 
chief source of information for man-machine design factors, training 
experience, and total system check-outs. As the complexity of crafts and 
missions increased through the Gemini program (51. , 52) the need for 
simulator training proved essential. The Gemini Program demonstrated 
that precise flightcrew response during space travel was contingent 

A. ♦ 

upon the fidelity of simulation training received pre-flight. The 
Apollo Program was even more dependent upon flight simulation systems 
(53, 54) as again, the complexity of mission tasks and craft design 
increased. While there is no doubt that simulation studies were 
particularly useful during these early missions, as well as the 
later Sky lab missions and preparations for Space Shuttle flights, 
they have been used more often than not to assess performance of the 
entire man-machine complex, rather than to assess human performance 
in a given system. There are exceptions however/* in which extremely use*- 
ful performance data has been obtained (55). A second and more critical 
factor is our lack of understanding of how to measure sustained com- 

- >/ V; : *’^5** 

pi ex performance. This criterion factor is among the most difficult, V: 
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yet important mdiieworod questions relevant to all complex work 


conditions ( 56 ). Given that we don’t really know how to effectively 
measure sustained performance' under operational conditions, simu- 
lation studies in and of themselves do not provide any data about 
how the astronaut actually fares under real space flight, conditions. 
For this, we would need actual in-flight data which could then be 
compared to pre-flight simulation (baseline) data. Such an approach 

mm* *-».* — * - * * ' ~ 

is discussed in the next section. 


' * , ( In-Flight Performance 

Prior to the Skylab missions, little quantitative data on 
human performance under space flight conditions wa3 available. There was 
not a great variety in the types of manual task3 required and little 
if any detailed measurement systems. Training regimes pre-flight were 
not particularly ‘helpful in serving as statistical, asymptotic base- 
line levels. Furthermore, little data was available through published 
sources indicating the degree and types of errors that oceured during 
the missions. During Apollo 15 and 16 and with the advent of Skylab, 
a major source of in-flight data became available through the U3e of 
time-motion studies ( 57 , 58 , 59 ). Skylab missions 2 , 3 , I 4 video and 
•auditory recordings were used to measure the amount of time required 
to complete various tasks. Comparable baseline data bad been collected 
pre-flight to use in comparison. A variety of tasks was selected for 
assessment, but were limited to those that were rather standardized, 
repetitive maneuvers which would satisfy replication and conformity 
conditions. Each of these tasks were subdivided into the components 
required to complete the maneuvers. Analyses were conducted to de- 
termine the degree of performance decrement (amount of time required 
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in-flight versus pre-flight)* and the point at which work 
efficiency was restored to baseline (pre-flight) levels. Table 
4 displays the number of measured task elements performed during 
trial 1 in-flight at a rate oomparable to the last pre-flight trial, 
ilote that during all missions the number of comparably performed 


elements is lower than the number performed less efficiently. 

Table -5 presenta-comparabTe data for- in-flight trials .1 and 2 

combined. Note that by the second trial approximately $ 0 percent of 

'all elements were beginning to be performed at a rate comparable to 
/ 

pre-flight conditions. Y/hile this data is helpful it is somewhat 

more complicated than it appears based on the fact that different 

tasks were performed on different days of the missions. Thus, some of 

the tasks were not repeated a second time (second trial) for as much 

as 1 1 days after- the mission began, Given that subjective adaptation 

to weightlessness, and flight conditions seems to require 7 to 1 o days, 
* 

tbo actual conditions under which the crews performed their various 

tasks was probably substantially different on different days (and thus 

* . 

different trials). These results provide little if any insight into 
the types of errors made or the specific conditions which may have 
affected them (i.e., weightlessness per se, potion sickness, sleep 
deprivation, etc,). At least in the case of space motion sickness we 
can infer performance decrements based on daily work efficiency ratio 
as described by Garriott £ nd Doerre (&)■ They computed efficiency 
based on the number of hours worked divided by the number of hours 
available to work, Hesults for Skylab missions 2 , 3, 4 are shown in 


Figure 1 below. Using figures from normal working conditions on earth, 
awake time (16 hours) can be divided into 8 hours of "useful" work and 
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■*cond in-flight trial, were done u rapidly as they 
w«r« on the last preflight trial. For example, by 
the end of trial 2. 44 of the M elements on Skylah 
2 were completed within the time taken on the last 
preflight trial. 

From an overall viewpoint, the results for the 
three missions were fairly consistent. When the 
elements were totaled across the three mission*, 
exactly half of the elements returned to preflight 
baseline (last preflight trial) by the end of the 
second trial. 


Table 16—1 1 1 — Xumber of Element a Performed 
In-flight (Firtt or Second Trial ) as Speedily as 
on Last Preflight Trial 
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TABLE 17-1, — Activation Man-Hours: Accomplished and Available 


1 • 

Mission'day 1 

Mission day t 

Skylab 

mission 

.*■ 

Accomplished Available 

Efficiency 

ratio 

Accomplished Available 

Efficiency 

satio 


2 24.4 46.5 0.52 

8 12.8 22.5 0,56 ' 22.0 64.0 0.41 

4 27.5 61.0 0.54 


• 

Mission day 3 

Mission day l 

Skylab 

mission 

Accomplished Available 

Efficiency 

ratio 

Efficiency 

Accomplished Available ratio 

2 

3 

4 

27.7 51.0 

22.3 40.5 

23.8 52.5 

0.54 1 

0.55 

0.45 

26.3 48.0 0.55 

10.3 18.0 0.57 
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8 hours of "overhead” or housekeeping function. Thus a ratio of 
.50 indicates a normal work day (8:8+8-.50) on earth. From 
Figure 1 we see that during day 2 of Skylab 3 and day three of Skylab k 
the work efficiency ratio is well below normal. This decrease appears 
to be due to the restrictive problem of apace sickness prevalent 
on those particular days. Again, unfortunately these results do not 
tell us any thing~'about "error rate or" type due specifically to motion 
sickness. We can make some inferences about the most probable types 
of errors .bas ( od on the time-motion studies. Analyzing performance 

4 

times for maneuvers requiring fine, medium, or gross movements in- 
dicate that while all three were initially affected, fine motor 
movements demonstrated the greatest decrement. These results are 
shown in Table 6. Similar results have been reported for extra- 
' vehicular activities as well (59). However, this still does not 
provide error ra,be and data type. 

While time-motion analyses and efficiency ratios are useful 
tools in providing us with global indices of performance they do not 
answer certain specific questions of importance. It is not possible 
to determine what specific factors may have influenced decrements in 
these measures. Also, of perhaps greater importance, their post-hoc 
nature does not give us specific information aboututhe status of the 
crew at the time the tasks are performed. An additional limitation is 
that these measures focus more on work output, they permit few in- 
ferences about the quality of work or the types of errors made. One 
final point, is that in the case of the time-motion studies emphasis 
is focused on standardized, repetitive tasks. We have no information 
on categories outside this range which may require greater problem 
solving or general cognitive abilities. 
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Th« elements were also categorised into three 
cIamm representing tasks requiring fine, medium, 
and gross motor dexterity. Because of the consist- 
ency of results from mission to mission. data 
were combined across the three missions. The basic 
comparisons, first in-flight versus last preflight, 
were thus available for the three types of motor 
activity involved in task performance. These are 
presented, in table 16-11. 

Table 16-11. — Comftarison of Preflight and In- 
flight Performance Times for Elements 
Categorized into Fine, Medium, and Gross Mo- 
tor Activity Clashes 

• . — 
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Although the first in-flight trial generally took 
longer than the last prefiight trial, a result estab- 
lished in the previous analyses, the percent in- 
crease was most pronounced for fine motor 
activity, less so for medium and least for gross 
motor activity. The percentage differences are 
.mall and insignificant but the systematic decre- 
ment is important. Such a decrement would ^re- 
inforce the debriefing comments of the astronauts 
who reported that the control of small objects 
caused more difficulty than the control of larger 


Return to Preflight Baseline. -li has been noted 
that the first in-flight trial generally took longer 
to perf orm than the last preflight trial of the same 
task The question arose as to how long it would 
take to adapt to the Skylab work environment or 
more specifically, how many trials it would take 
before an in-flight task was done as speedily as it 
was on the last preflight trial. The criterion of 
equivalent performance was taken to be that P» r 
ticular trial at which half or *0 percent of the 
task elements were dore as speedily as m -he last 
preflight performance. 

The sources for this analysis were the activities 
involved in experiment M092 (P rerun and Post- 
run. Subject and Observer). Experiment SO 1 3, 
and Suit Donning and Doffing. Table lb-Ill pre- 
sents the number of activities which, at first or 


Comments on Ferfbrmance Measures 


The range of performance measures spanning the dimension of face 
validity nave each contributed to our understanding of the astronaut 
in space. Each has ‘advantages and disadvantages. However, certain 
problems seem to dictate our greatest focus for future research 
efforts. The~?irst 'is defining criterion by which to measure per- 
formance. Until we can adequately determine how performance should 
'be measured under actual operational conditions, it is difficult to 
see how ground-based systems can be of any real help with respect to 
detection and prediction of conditions which may deter optimal per- 
formance. Certainly, more effort is required to ensure systematic, 
quantitative and qualitative data on performance in flight. Combined 

• with the criterion problem is the issue of task predictive validity 
under ground-based conditions. For research purposes, emphasis should 
be placed more on predictive -rather than face validity, although for 
selection and t training purposes the reverse is true. Continual emphasis 
on how physiological indices relate to performance aspects of behavior 
is ‘necessary . Both behavioral and biomedical measures are needed to 
determine flight crew status at any one point as a means of monitoring 

* and detecting potentially disruptive conditions (i.e., fatigue, 
stress ) . 

Given this discussion of the measures available to assess human 
performance, let us proceed to the issue of what conditions which 
may adversely affect performance. Recall that the need for performance 
assessment is both to monitor the health and safety of the crew, but 
also for use as a tool to investigate what effects specific con- 
ditions in space oan and do affect performance. Our understanding of 


these is payatnohnt in the planning of future long-term missions 

i * 

if we are going to be able to sustain crew performance, physiolo- 
gical and psychological health, and successfully compxete mission 
goals ♦ 


Factors Adversely Affecting Performance 


Weightlessness 

Work capacity , While weightlessness produces many pbysiolo- 

• 

gical alterations as, outlined In a previous chapter, little if any 
information is ava.ilabe on how this translates into changes in per- 
formance under operational conditions. A few of them are discussed 
below, but this section focuses on the effects of weightlessness per se 
At least two important factors are directly affected by aero g. The 

, i 

first of these concerns the problem of motor movements. As indicated 
* * 

earlier, fine motor movements are adversely affected during both 
intravehicular (IVA) and extravehicular activities (EVA). -This de- 
crement in dexterity can pose- potential problems for the manipulation 

. i*. 

of control panels, sensitive scientific experimental separate, etc. 
until some degree of adaptation is achieved. Given the ever increasing 
complexity of equipment (as pointed out by Table 1) the chances of 

t • 

errors is increased by this problem. Equipment designers must be 
sensitive to this issue, ensuring that switches are easily manipulated, 
do not require unnecessarily delicate tuning, and are positioned in a 
fashion wbicn allows maximum individual access without the chance of 
altering one while attempting to manipulate another. It may be de- 
sirable to schedule specific inflight exercises to enhance dexterity 
prior to the execution of important maneuvers requiring this capability 
Also related to changes -in potential accuracy and amount of • work 
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output is the greats* amotwt *0f metabolic costa required to con- 
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duct work in space as demonstrated in extravehicular activities. 

% 

Studies demonstrate that the metabolism rates during EVA can be 
potentially dramatic as in the early Gemini flights if certain 


considerations are not made. Fatigue and exhaustion cancelled some 

* 

EVA in early missions. This was due to the unique character of 

worming, in. space_.where ..difficulties „are encountered in producing 

reactions to actions once momentum has been imparted and the problems 

maintaining position in the absence of traction. Problems have also 
* 

been encountered in 4 moving ( within a pressurized space suit. I. any cl 
these difficulties have been resolved through realistically simulated 
weightlessness training (water immersion techniques) and changes in 
equipment designs* Also, specific training is used to teach crew 
members to monitor muscle groups and to remain maxim&llv relaxed. 
While these efforts have proven successful as indicated by the 

v , 

nulnber of subsequently completed missions, the metabolic cv.sts ->f 

» 

EVA as reported on later missions such as Sky lab (61 ) dofes stixl 
warrant consideration in plaining the amount and scheduling of such 
activities . 

Space motion sickness . Space motion sickness as previously 


discussed poses a definite problem to astronaut performance levels 


at least in the early phases of a mission, or until acclamation has 
been accomplished in each sector of the craft. This problem has been 
described in more detail in a previous chapter, but for present pur- 
poses let us focus on bow this byproduct of weightlessness affects 

performance rather than physiology. •*, 

There have been multiple cases of space^ sickness experienced by 
astronauts and cosmonauts during space flights. To give a few examples 
of the more severe episodes we might first focus on astronaut- Russell^ 
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available on the various physiological effects which result fr-m 
exposure to weightlessness, very little of this has been direct, ,y 
related to. specific performance aspects of spaceflight. This has been 
true for many reasons, chief among them, that flight schedule o have 
not focused on obtaining specific performance data. Monitoring 
systems have been somewhat inadequate to the task. Perhaps the intro- 
duction of. performance ..tasks .specifically designed to be sensitive 
to the influence of various enviornmental (noise. Temperature, etc.) 
•and physiological (sleep deprivation, mental workload, etc.) conditions 
would be of value ih more effectively assessing what is so difficult 
to infer from changes in complex, overlearned operator functions. The 
work of Frazier (73) and co-workers in investigating various operant 
conditioning techniques as measures of responses to critics^ stress 
illustrates one such approach. Further work in this area is certainly 

warranted. 

Habitability 

While many issues concerning the factors necessary to ensure 
optimal habitability of space crafts for long-term flight have been 
discussed in another chapter, there are certainly aspects of this 
domain shich relate to the maintenance of performance. The environ- 
mental conditions of the. ship can play a major role in affecting 
performance as outlined in the sections below. 

^ Noise level , Noise levels during space travel have been con- 
sidered in great detail both as they relate to psychological and 
physiological aspects of performance. At least two broad levels of 
noise must be considered as potential hazards t q maximizing per- 
formance. The first entails high intensity blasts associated with 
thruster firing, the other with continous and intermittent background 
noise. In the former case, concern focuses around the possibility of ; 
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temporary threshold shifts (TTS) in which auditory perception is 
momentarily decreased due to .high intensity 3ound blasts. Such 
incidents have implications for the transmission and roceival of 
auditory <iotmnunications . The probability of performance errors due to 
misunderstandings of auditory instructions, commands, etc. are certain- 
ly increased during these periods. This suggests the need for more 
reliance upon other sensory spheres (such as vision) for the communi- 
cation of information to the astronaut during these instances, while 
it appears that this issue has been satisfactorily resolved dui ing 
missions to date, it is a consideration which must be continued to be 
appreciated. As greater amounts of thrust are required to launch 
and power tho larger vehicles required for future long-duration 
missions, the issue of acceptable blast* intensity noise levels will 
probably become even more critical. Continued research in this area 

is needed to better assess noise tolerance levels, and specific 

* 

constraints upon communic,ati6n systems as they relate to # overall 
operator performance. , 

Perhaps more important* to our present concern is the issue of 
whether continous or intermittent background noise during missions 
poses any difficulties to the performance of critical tasks. Aside 
.from the issue of effects upon auditory perception, such as constraints 
upon speech communication, there are several issues concerning lowered 
efficiency of work which does not involve conversation. 

Noise can be said to have two distinct effects upon behavior. 


First, it produces distraction and therefore lowered performance, 
particularly in tasks that require concentrated attention such as 
instrument monitoring, cognitive processing, etc-. In this respect, 
intermittent noise appears to be the greatest offender (7k* 75> ?&)* 
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Each occasion that; the 1 noise^pocurs in it my produce distractions 
and thus performance decrements , With continous noise the operator 
may partially adapt if the sound is not to great. However, adaptation 
does not occur as readily with intermittent exposure. Hoise can also 
produce alterations in arousal level which can in turn affect per- 


formance. Unfortunately, no consistent effects of noise on cognitive 
and suns orlraotor r ~pe'rf or mance "has been demonstrated. Generally, increase 
in arousal due to noise can be beneficial during performance of routine, 
’monotonous tasks during which momentary motivation may decline. How- 

i 

i 

ever, in the case of heavily loaded cognitive tasks (such as problem 
solving) increases in arousal level may produce concentration decre- 
ments in turn reducing performance. Kryter (77) in his review of work 


in this field over the past 10 years concludes that noise will not 

■ "directly interfere with mental or motor performance" when present 

below levels of 'about 27 dBA. It may have potentially beneficial 
* 

effects due to arousal and isolation from distraction when present 
at about 27 to 67 dBA, and may have possibly detrimental effects above 

\ A- 

67 dBA due to overarousal, aversion, and distraction from the task. 
Questions remain unanswered as to whether such effects have influenced 
space crews to date. (Certainly, there h^ve been complaints of back- 
* ground noise hindering sleep ( 76 , 79). This at least suggests that 
such noises may add to the already large number of potentially ad- 
verse conditions affecting the performance of space crews. However, 
based on Kryter's analysis we find that noise levels currently 
recorded during flight are within the acceptable range. Figures ,2. " • 

<%dti.3 illustrate noise levels for various equipment tested in pr’e- 
psration for Apollo non-pov/ered flighty As the length of flight in- 
creases and thus the length of exposure to these various noise levels, 

our understanding of how noise does affect performance will become • Xi- 
increasingly important. ' 
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(84, 85). Whole**body vibratipri; ' particularly in the 4-10 Hz 
range decreases affective speech production and intelligibility 
( 86 , 87 ). Finally, low frequency vibration can degrade performance 
centrally, acting in a non-specific manner as a distracting and 
fatiguing agent ( 83 ). This last condition may prove to be the most 
important consideration for extended flight. Low level, but continous 
vibration .con. deplete iho. ppq.r;at.or pf reserves necessary to sustain 
maximal performance during critical periods. With all of the 
.potentially annoying aspects of extended space travel, every effort c 

I 

must be made to minimize even the factors of seemingly modest con- 
sequences. It is often the synergistic combination of these factors 
which retards performance, despite the fact that no one variable 
alone produces noticeable effects. This point will be discussed in 
a later section. 

• Considerable data has been generated in attempts to investigate 
the above range of effects due to vibration. Some of the most directly 
relevant data has been obtained from flight tests and flight simu- 
lations. Gierke, Kixon, and] Guignard ( 88 ) have summarized these well 
in their review of vibrational effects. They point out that vibration 
at frequencies below 2 Hz are associated by aircrew with: 

a. discomfort and .progressive fatigue 

b. increased effort by pilots to avoid or correct inadvertent 
control movements 

c. difficulty in using navigation instruments 

d. difficulty in interpreting flight instrument information 

e. disorientation, occassionally 
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Higher frequency (2-10 lit) vibration* are associated witoj 

a. difficulty in reading instruments or carrying out 
other tasks calling for final visual discrimination 
(••g.i visual search, reading COT display) 

b. interference with some manipulative tasks (e.g., writ- 
ing, setting cursors on handheld navigation aids) 

c. general discomfort ana progressively worsening fatigue 
on long missions 



Given t'uiw range of effects and our previous ex* eriencos with the 
i roblem3 of vibration during short-term s. '.ceflijht it is clear that 
every effort should be made to reduce vibration levels during exten- 
ded long-term flight, particularly during the long, but crucial 
cruise phase. 

Ten:, oraturv . Variations in temperature has be?n demonstrated 
to affect human performance in diverse wa;s. In general, erformance 
begins to deteriorate in any circumstance where heat reacnes about 
73# of the physiological - tolerance limit (09). Several studies (90, 

91 ) have demonstrated decrements in cognitive and psychomotor per- 
formance at temperatures at or above approximately L5 ’? with accuracy 
tending to decrease as temperature continues to increase, labile there 
are a multitude of qualifiers to these results (humicity levels, 
stored body heat, water loss, vapor pressure, efc.) it is clear that 
increased temperature can adversely affect performance. Furthermore, 
the duration of exposure ran influence performance decrements due to 
increased heat. For example. Figure ^ taken from the wor«c of Hoth (09) 
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r«*ure 3-23. Combined performance averages for 11 wi relev* telegraph uprnton 
under condition* of rvtieme heal (Rodl, 1968) 


Table Ml turn mantel the phvnological rcponne increme* and decrraar* 
environmental temperature (Spector, 19.%). The debilitating effect* of heat ha 
received much attention (Lind, 1963). 
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illustrates decrements in operator performance at various temperature 
levels and exposure durations* Note that as either temperature or 
length of exposure increases’ performance errors tend to increase. 

The types of task performed appear to be differentially sensitive to 
heat strain as indicated by Figure 5* Note that cognitive tasks appear 
to be the most adversely affected, presumably because of changes in 
aroustrl level'. While heavy ■ psychomotor performance work i3 heat 
affected similar results have been obtained by other investigators 
’ as well (^2). However, tolerance, to heat strain for varying exposure 

9 l 

I 

durations appears to be inversely related to the degree of physical 
effort required. As Figure & shows the length of time that can be 
tolerated at different temperature levels decreases as the amount 
of energy expenditure increases. 

These results pose some interesting questions with regard to 
spaceflight. It is evident that craft temperature must bo maintained 
at comfortable levels in order to ensure optimal performance. In «t 
loast one instance, temperatures rose above this level during Skylab 

I • 

2 before the thermal screens could be erected to shield tht exposed 
skin of the orbital workshop. Had the loss of the microneteroid shield 
occured during the flight, exposure to the huge temperature increases 
* could have bad hazardous 1 effects upon the crew’s health and general 
performance efficiency . 

One instance in which acreaaed temperatures posed problems for 
optimal craw performance included the shortening of some Gemini EVA 
due to increased thermal stress. As indicated earlier, metabolism 
rates increased dramatically during these SVA a^id the space suits pro- 
vided were not able to fully .compensate these changes. While later 
efforts during the Apollo and Skylab Programs seemed to have recti- 
fied this problem, the earlier difficulties do serve to emphasize 
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MEAN RECTAL TEMPERATURE AT END OF TASK 

f»iu J8 The average percentage ncrea*e in error when working in a hoi climate, plotted 
according to the average luperfiua rectal temperature at the end of the working spell. A 
normal temperature would have b.**n about 97.5°F (36 5°C) . In the wireleaa telegraphy 
reception talk. II experienced operator* received menage* in Mow aide. The menage* 
co muted of group* of letter! and iumt>arv They were pretented at a rate of 80 rymbou 
per minute. In the coding taak. 12 young enlitted men lelected piece* of wood from a 
tray The piece* had to he placed on wooden peg* in the correct order. They had to be the 
correct aide up. and the correct way round. Thu wai t pen bed by a code typed on a *lip 
of paper. 

The rraiatance box taak wai performed by 16 young enlitted men. They had to identify 
each of 10 terminal* with the out;-uts *hown on a circuit diagram. Thu required taking 
meaiumnenu between pain of terminal*. The vigilance taak it the clock tett deacribed in 
the caption of Figure 15, page 74. The multi are from 89 young enlitted men. The heavy 
pumiitmeter lark I* illuit rated in Figure S3, page 128. The 10 young enlitted men had to 
raite and lower a lever carrying a load weighing 50 pound*. (After Mackworth. N.H.: Re 
•earth on the meararement of human performance. On Sinaikn, H W. (Ed.) : Selected 
Paper* on Human Factor! in the Oeiign and Vie of Control Syitemj New York: Dover, 
1961. pp 174-331.) 

ture wn recorded automatically using a thermister placed under the tongue. 
It wai raised rapidly by exposing the nude body to air moving 500 feet per 
minute with a temperature of 1 10®F (43°C.) and 100 per cent humidity Once 
raised, the body temperature was maintained by placing the man in an air- 
tight suit which enveloped him up to the neck. The suit was ventilated with 
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Environment and Human Efficiency 


Widen 


Moderate 

work 


Exposure time in hours 

Ficiu 40. Critical combinati >iu of, effective temperature and exposure time. The upper 
dotted curve thowi the mean physiological limit for titling still. The lower broken curve 
shows the mean physiological limit for doing a moderate amount of work. Most people 
cannot tolerate longer exposures than those shown. (Results given by Lind. 1967, Figure 
I.) The middle unbroken curve shows the limit for efficient performance. Points on or 
above the 1 ne have produced reliable drops in efficiency. ( After Wing, J.F.: Upper thermal 
tolerance limits for unimpaired mental performance. Aerotpace Med , 196$. 36, 960-964, 
Figure 2.) 

(see Chapter 5) . Probably the results used by Wing fit together so neatly be- 
cause all the tasks were about equally insensitive to small increases in body 
temperature. 

The 5-choice task was performed in air with a temperature of 100°F 
(38°C) . The wet-bulb temperature was 90°F (32°C) . The air moved at a 
rate of 100 feet per minute, and the men only wore shorn. The number of 
errors increased reliably in the heat. So did the number of response times 
longer than 1.5 seconds, both effects were present during the first 5 minutes 
on the task (Pepler, 1959) . The results are listed in Table 9, page 290. 

father Effects of Heat 

♦ 

At the temperature of the body rise.,, more blood goes to tie skin tc be 
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the point that heat can and jloea pose a potential obstacle to 
sustained performance during spaceflight. Just as increases in tem- 
perature can affect performance changes under spaceflight conditions, 
decreases in temperature can also produce efficiency decrements. 
Skilled motor performance shows progressive declines with continued 
cold exposure. Tasks requiring manual dexterity, tactual sensitivity, 
or ragid reaction times appear to suffer the most. For example, 

Dusok (93) tested subjects under several lowered temperature con- 
* ditions and found decrements on several tests of dexterity and mani- 

i 

pulativeness .' Teichner ( Vip) found similar results investigating wind- 
chill levels on tactual sensitivity, visual reaction time, ns well as 
manual skill. These results are displayed in Figure 7. 

while skin temperature of the bands would seem to be the obvious 
factor of importance here, it is important to note that other factors 
of a psychological or physiological nature also appear to be involved. 
Lockhart (95) investigated the effects of a cold body with or without 
cold hands upon three manipulative tasks: stringing blocks together, 
packing them into a box, or [tieing a number of standard knots in a 
number of pieces of string. All three tasks were performed less 
effectively when both body and hands were cold, ',/nrming. the hands im- 
proved performance on all three tasks, but did not raise the levels 
up to control levels in the oase of the two block tusks. This suggests 
that a possible change in arousal level could have influenced per- 
formance independently of limitations imposed by reduced digital capa- 
bilities . 

These results indicate the importance of ensuring a comfortable 
temperature range for space crews. Some problem with lowered tem- 
peratures have been encountered in previous flights. For example, 
crew comments duriiig several of the Apollo flights indicated that the > 
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Recent evidence indicate* that under cold condition*, increased voluntary 
cWonc intake and other compensatory proce*aes result from the increased 
energy empenditures aaociated with field activities (Davis, 1963) instead ol 
from the low temperature as such. 
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Command Module was uncomfortably cool. During the Apollc 13 
mission low electrical power, levels reduced the cabin tem- 
perature to a range of 49° to 55° F. During the Apollo 11 mission, 
crewmen could not sleep in the Lunar Module because they were too 
cool. While these have been relatively minor problems, such 
fluctuations in temperature should not be discounted in considering 
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a A l of the factors which may affect optimal * orformance during sustained' 
space travel. 

l£Ql^tion and c onfinement . While these two factors of extended 

1 

space flight are certainly immensely important issues, it is rather 
difficult to precisely detail what effects they will hive on per- 
formance if indeed they do become problems. Many laboratory (96, 97 , 

9b) and field research (99, ICO) studies of isolated or confined 
subjects do report decrements in performance. Indeed the range of 
variables which. -are reportedly affected seem to.be large. They include 
a range from simple retardation of motor coordination t an inability 
to maintain adequate cognitive functioning. 

However, our understanding of how isolation and confinement 
affects performance is not as well detailed. One of the single most 
important factors seems to be changes in motivation. When arousal level 
becomes too low, as is potentially possible in these coses, subject 
apathy increases and performance decrements may become '.-.renounced. 

Since this topic is covered in much more detail, let us suffice here 
to say that the effects of isolation and confinement can be wide- 
spread and pronounced, one effect being to reduce performance 
efficiency. At present this has certainly not been a problem during 
space missions , Plights have been of relatively short duration and "1 
crews have had more of a problem with work overload than underload, 
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However, sis missibri *lehgtb increases and relatively easy return 

access to earth decreases, these may become more important topics. 

f . ■ > 

It will be necessary to provide more elaborate monitoring techniques 
to assess such factors as motivation and in turn to assess if and how 
performance suffers* This will be a particularly important point during 
long cruise phases or in permanent orbital stations where activities, 
suclal^contaafc.s,_and volumetric area. may be substantially reduced. 
Summary of Habitability Factors 

While the habitability issues presented represent only a portion 
1 

r 

of all the potentially important topics related to space craft environ- 
ment and performance, they are certainly the ones which have received 
the most attention. The reader is referred to the habitability chapter 
for a more comprehensive treatment of this topic. 

While most of the factors discussed have not posed any real 
problems during previously conducted missions they are of great 

k 

importance to the planning of future missions. Designers and planners 

f 

are going to have to become increasingly more sensitive to these bu~ 

I i* 

man factors for the purposes, of future extended spaceflight. The 
emphasis must shift from how to integrate the human into the overall 
S3’ stem to how to fit the system to the overall demands of the human. 
Such a shift in orientation will be a challenge but is necessary to 
ensure sustained performance for crews already subjected to a myriad 
of adverse environmental conditions. Designing the craft to ensure 
optimal habitability must be a primary goal for future missions. This 
is true from the standpoint of optimizing performance as well as 


maintaining the health and safety of the crew, factors such as noise. 


vibration, temperature, volumetric area, and social contact are' 


. a few of the issues which must be resolved to enhance the probability^ 
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short-tom Flight has increased, the longer time element and the 
added complexity of' crew composition and task requirements dictate the 
need for extensive research along the lines of these topics. 

Work Schedule Factors 

Xn assessing the conditions pertinent to the optimal* zat ion of 
sustained complex performance several issues must be considered with 
reg&frtr td'thr atfTOurit ana BCheduling-of work activities. Previous 
sections have disoussed the conditions under which work is per- 
formed.. Npw the focus will shift to the duration and pattern of 

t 

work and it's complement: rest and sleep. 

Work-rest cycles . Variations in the work-rest cycle have been 
extensively studied because of their significance to sustained per- 
formance and safety (101, 102, 103). Several recommendations can be 
• made regarding the scheduling of these cycles for long-term flights. 
First, operator .efficiency is highest when a stable 2'U-bour peiiod 
of work and rest is maintained. Other variations on the length of the 
cycle have not proven as efficient, or at the least require several 

s t 

W eeks of adaptation. For example, Kleitman (If, 105) found that men 
could perform satisfactorily under 10 and 23 hour days, but that the 
time to adaptation was greater than v weeks. Furthermore, Brindley 
’ ( 1 06 ) was unable to find adaptation to a 2-2-hour day after 6 weeks. 

These results and others strongly prescribe a 2l|-hour day . Within 
this cycle, the oritical issue appears to be the establishment of a 
consistent time for sleep. The time of sleep has implications for do- 
synebronosis which can affect performance. Sleep schedules may also 
affect the quality, quantity, and patterning ojf*aleep if drastic 

' v* 
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alterations are $ade. Using -the sleep phase of the 24-hour cycle 

t 

as our anchor, several points can be made regarding the allocation 
of time for productive work on the one hand, and housekeeping chores, 
personal hygiene, and rest on the other. An initial point involves 
the type of productive work to be accomplished. Studies indicate 
that the type of work to be accomplished seems to dictate the . ost 
efficient -duty schedule-. For -example-. Chiles and Adams (13) r; - 
so nr oh support the following conclusions regarding duration of work 
‘periods : 

i 

1 ) A maximum dut(y period of i| hours is most efficient when a 
passive- task is combined with one or more active tasks, tne 
workload is not too great, and a high level of performance 
must be maintained, 

2) A maximum duty period of 2 hours is advisable when a 

passive fe&pk occurs by itself. In this case attention cannot bo 
adequately sustained to ensure satisfactory perform-' nee for 
periods longer than a maximum of 2 hours. 

! r 

3) When- there is a considerable variety in the major tasks, 

they call for active participation, or arc passive tasks which 
have very readily detectable signals to which the operator must 
respond, the duty -period may be routinely extended to 10 hours. 
Each of these recommendations will no doubt have relevance tc- various 
phases of extended missions. It will be necessary to develop a 
taxonomy of tasks versus duty hours as they apply to each crew person 
at different points during the flight. 

One potential difficulty involved in scheduling duty hours per-1 
tains to tasks which require continous monitoring or adjustments. It 
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will probably be necessary to have some form of crew duty rotation 
during extended missions. This poses the problem that to maintain 
maximum operation on a 24-hour schedule, some crew members will be 
working while others sleep. Here we face the problem of subgroup 
schisms. When cliques begin to form around individuals on duty 
dimultaneously , there is always the potential danger duo to de- 
creased" communication that the desires and goals of the groups -.nil 
slowly diverge, leading to inter-group hostilities. One possible 
solutidn to this is a planned intra-group rotation of all members on 

I 

board. For example, members of one work period could be routinely 
shifted to the other duty period on a shared adaptation schedule. 

The established crew member would be on duty simultaneously vjith 
the newly shifted individual until their circadian rbythmicity ad- 
justed. Then the former crew member would be free to shift to the 

other schedule (a’gain shared with someone already § adjusted to that 
* 

sleep-work cycle). Such a. prdcedure would be better in that it insures 

overall group .cohesion and minimizes the formation of subgroups. This 

does pose the difficulty of "desynchronosis , but if the duty shifts were 

conducted at appropriate intervals, adequate time to adapit would be 

available while an already established crew member was present to 

►* 

.supervise and ensure that work quality was maintained. 

Workload . As implied by the recommendations of Chiles, different 
tasks exert varying degrees of load upon an operator, whether physical 
or mental. This issue is important because the degree and duration 
of workload has many implications for the safety and efficiency of 
flight crews. As indicated by the air pilot literature, the association 
between workload and safety is indisputable. There have been many 
instances in which abnormal flight deck workload levels have .been 
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implicated as causative faatqrs in aircraft accidents (10?). This 
is true both for overload and underload situations. 

An understanding of the concept and measurement of workload in 
space will be a necessity for successful long-duration missions. 

While it is relatively easy to quantify the degree of physical 
exertion required by a given task, however all the quantification of 
mo nt air* work lt> ad -a till remains' -to be -adaquately detailed. Simply de- 
fining this concept has been an effort in and of itself. Most 

'definitions have coincided with the type of measurement used to assess 
» 

the effects of varying degrees of load. Thus, there is a certain 
circularity in definition/measurement. Cohen and Silverman 

point out that measurement of mental effort might include " 

evaluating the peripheral, integrative, . and motoric abilities of 
. the operator, as well as emotional, physiologic, and hormonal 
responses,” 

Several approaches have .been used in attempts to measure 
this aspect of the operator’s requirements. All generally rely 
upon experimental evidence which indicates that humans have only a single 
channel cpability for processing information and making decisions. Based 
on this hypothesis is the idea of a maximum capacity for mental pro- 
* cessing which,' if exceeded by the demands of the tasks, yield over- 
load and performance deterioration. 

We can arbitrarily categorize most measurement attempts as 
subjective, objective, or physiological. Subjective measurements 
including the use of questionnaires and rating scales are currently 
probably the best single measure of short-term workload. Objective 
methods have relied upon laboratory tasks, similar to those described 
in an earlier section of this chapter, to investigate processing and 
decision making capabilities under a variety of loads and conditions. 
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IIutq the use of a primary Sihd secondary task condition* has been 
emphasized basod on the single channel processing assumption. 

Physiological measures have been basod on neurological 
arousal and i.ts established relationship with performance (several 
of these techniques will be discussed in a later section on stress). 

Generally, there is an optimal workload which can be estimated 
for given -tasks r - individuals -and conditions using this range of 
assessment approaches. Defining the workload requirements of space 

•crews at each mission phase will be necessary prior to flight, ouch 

* . 

investigations will* probably involve several of the measurement 
approaches along the face validity dimension jreviously discussed. 

While this is a basic requirement to ensure crew safety and efficiency 
current knowledge still involves post-ooc rather than predictive 
propositions. Detailed and extensive research into tms -.ssuq ox 
' workload, particularly mental, is still very much a m.ces: ity . 

D esyn chronOsis . As indicated in discussion of worx-rost cycles, 

a 2i(.-hour day has been shown to be superior in reinforcing perf ormance 

* *■ . 
efficiency. This is most intimately tied to the notion of circadian 

rhythms* It is well documented that many functions of the human body ... 

are regulated on a near 2l|.-bour basis (109* 110). Alterations in the 

time of sleep or work, both within and across these 24 - hour blocks * J 

can have potentially detrimental effects upon operator performance. 

This disruption, desynchr ;*o*is , as evidenced in travelers flying A 

across several time zones, produces symptoms which include malaise, 

insomnia, appetite loss, nervous stress, and inability to work (111, ‘ V' 

112. 113). Coincident with this is a deficit in'^performance . Laboratory ■ - v s 

and field studies demonstrate that drastic phase shifts have frequently. : 

been associated with decreased reaction time, lowered attention, de- • 
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cremcnts in problem solving ability and a range of other psychi- 
motor and cognitive factors. Clearly, there is a danger involved 
in altering the sleep-wake cycle with regard to sustained performance. 
There have been some problems associated with these phase snifta 
during several manned space flights. Prior to the Apollo 9 mission 
it was common practice to employ staggered sleep schedules for crew 
members. Tbia-re-sul-ted -in -shifts of -as much as 6 to 10 hours in the 
normal earth based time during wnich sleep would normally occur. 

•Such description in the normal cycle was described as producing "a 

i * 

most unsatisfactory 1 situation in flight" (Hip). Sven during later 
flights where crew members slept simultaneously , the often hectic 
schedules required displacement of the sleep phase by several hours. 
These data suggest that a potential for performance decrements does 
exist when the normal circadian cyole is altered. For future extended 
missions the iiprotylems of adjusting schedules to work requirements 
will be an issue of concern. f Future research in this area should be 
continued with emphasis on enhancing tolerance and minimizing problems 

t »• 

through selection, pharmaceutical agents, adequate scheduling, etc. 
Seme of these suggestions will be discussed in the Selection and 
Training chapter. For example, different personality characteristics 
seem to lend themselves 'to greater adaptation to phase shifts. 

Another important issue of the area of circadian periodicity 
concerns the daily fluctuations in performance levels which have 
be-.n reported for different tasks. It appears that performance may be 
subject to the same cyclic regulation .as are many physiological 
functions. Varying levels of performance accuracy has implications 
for operators in space and should be considered. For example, per- 
formance as represented by the average numbor of simple addition 
sums completed in a 48 minute period is not a constant function 
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across a 24-^ovlr tifte block, ‘but rather follows a cyclic pattern 

coincident with diurnal changes in body temperature (115). Similar 

patterns have been observed for auditory vigilance tasks where both 

the average number of signals detected and the average response time 

were measured. Many other examples abound. Perhaps more important co 

the current discussion are findings related to the rhytbraicity of 

performance levers 3Ust"'wxthih' the w"ork day portion of the 24-hour 

cycle. Kleitman (104.) regarded as a leading authority in this area, 

has concluded that there is a recognizable general pattern in the 

1 

fluctuations of performance levels throughout the waking day which in 

many cases can be related to diurnal variations in body temperatures. 

His results indicate that performance on many tasks show a morning 

rise with a peak somewhere in the afternoon, followed by a fall. While 

the exact timing of these points is disputed by various investigators 

(1l6), all appear* to agree that there is a recognizable general 

pattern in the fluctuations of performance levels during the working 

* 

day. This poses some important research questions for space mission 
planners seeking to optimize* work output and accuracy. Research 
should be devoted to assessing how various duty tasks should be 
distributed across the work day to rnazimize performance. For example, 
it may prove advantageous to schedule delicate and sensitive tasks 
during the "morning rise" in body temperature and performance levels, 
and relegate less demanding or critical tasks for the "afternoon fall" 
period. Such a schedule would require constructing a taxonomy of tasks 
most appropriate for different phases during the daily 'work schedule, 
which in turn requires a greater understanding of what types and re- 
quirements of tasks are most affected by circadian periodicity than 
is currently available. 
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One factor related to circadian rhythmicity which haa been 
"xtensivoly studied is the determinn ion of variables which serve 
to regulate the 24-hour Clock. These variables are referred to as 
-eitgebors and cons i t oi a wide ri.nge of physical, temporal end 
social "cues" which serve to entrair. sleep and wakefulness to a 
, articular rhythm, hen Ze it. Tabers arc not present, certain rhythms 
becom. "free running" and may vary from a 24 -hour schedule us a result. 
This gointa > ut the importance of determining what specific Zeit- 
.'eberj -nay be involved with what specific rhytnns if we are going to 
p tt er.j t to artif icially reproduce ear»h based Zeitgebers under a; ac » 
flignt conditions. Given that few if any "natural" Zeitgebors Kill be 

e 

. i'jbie .n space (o. p. sunrise-sunaot) 1 osenr^n is needed to rie- 
termin which factor^ f . rovide and how to do it. Artificial lhht'n- 
»il. be i iport nt. It rn iy i rove useful to experiment with automatic 
tli.ed dimmers which ean'more accurately simulate daily earth lighting 
conditions, nlso, social cu. revolving around dully meuls. work-re it 
periods, tnd evening leisure activities will become increasingly 
important. Indeed, some research indicates that social cues muy he 
even more important than lighting conditions (11?) for regulating 
v,or *' performance. Given that circadian rhythms end the issues which 
surround it do nave important implications for performance La ‘spare, 
th " issue of how to entrain those rhythms to the most ndvunte ecus 
schedule becomes an important, if not critical”. reseorolTaren. 

* • nap licit in the study of effective work-rest condition; 
f r space flight is the need to define and investigate those factors 

rol-.fd to Sleep and how this in turn may affect performance during 
waiting hours. 
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performance and fob at is the time required to reach normal waking 
levels of performance? Langdon and Hartman (127) investigated this 
problem by assessing performance (turning off lights at a desk 
console when the experimenter programmed them to flash on) upon 
awakening at midnight and between 3 and If. a.m. There were results 
which indicated it takes not less than seven minutes after being 
awakened at night- for a -person- to achieve normal efficiency at 
this kind of task. Similar findings for reaction time are reported 
toy Webty and Agnew (126) who awoke subjects during the deepest stage 

* * t 

of sleep, stage Ij.* ^hese results suggest that performance may be poor 
if a crew member is awakened during sleep to attend to an emergency. 

If a critical maneuver must be performed during the first seven 
minutes upon awakening, their performance may be incapacitated, 
jfhile this fact has not been a problem to date, this dors point to 
the advantage of Rotating, 21p-hour schedules which provido for some 
crew members to be on duty at all times. 

Summary of Work Schedule Factors 

The amount, type, and patterning of work activities will most 
definitely have a profound impact on the Lperformsnce level of future 
space crews. Research is needed to define the scheduling of particular 
flight activities coincident with optimal arousal due to circadian 
rhythm fluctuations. The length of i-.'ork-rest cycles need to be 
examined with respect to the types of activities the crew will 
engage in from hour to hour. The issue of staggered, rotating crews 
is a research question of importance here as well. Better defining the 
workload of crew members will also be necessary^to minimize over or 
underload leading to performance decrements. To be considered within j 
the work-rest cycle is the issue of desynchronosis , how to prevent it 
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through the development of effective artificial Zeitgebers, and how to 
arrange the daily routine to best make use of highs and lows in the 
cycle. Further research will be needed to better understand the 
effects of weightlessness and other space flight condition on sleep, 
and bow in turn the alteration in terrestrial sleep patterns may 
influence performance in space. Each of these separate issues cm be 
approached 'through better habitability considerations, crew selection 
and training techniques, and various countermeasures. This is a 
broad area. of tremendous importance that will require a great deal 

i 

of integrative research, both in space and on earth, to pu 31 together 
and bettor understand the individual and interactional effects of the 
several factors entailed an work and rest scheduling to sustain 
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Previous sections of this chapter have dealt with some cf toe 
important factors which arc known to adversely affect performance 
levels. While we have addressed these variables individually, they 
are P’ er haps more frequently discussed under 'the general rubric of 
stress and stressors. An important theoretical and empirical question 
is tuc issue of how these different factors operate to produce 
decrements in performance. If indeed there is a similar action on 
the psychophy Biological functioning of the individual, then the task 
of detailing how these individual components alter behavior would be 
greatly reduced. This idea was originally popularized by Hans Selye 
(129) who proposed that different "stressors” tend to produce similar 
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physiological ohanges. Solye'pointQd out that (although different 

disease syndromes have unique* ohtfraotoristics, they have many 

features in common which elicit a stereotyped reaction by the 

body (the General Adaptation Syndrome), Thus, Selye has observed 

that such diverse factors as cold, heat, X-rays, adrenalin, .insulin, 

muscular exercise , etc. produce a. non- specific effect resulting in 

autv-nomic excitability, adrenaline discharge., heart rate, muscle t me, 

oral blood content changes, and gastrointestinal ulceration. Achnno- 
# 

cortical Enlargement and hyperactivity are ordinarily observed in too 
oountorahoek phase. These findings suggest tout it might be possible 
to understand tbeigenernl, non-specific effect of any "stressor” and 
its implications for behavior change and thereby reduce the need to 
study each and every condition which might produce these changes. 


However, this view is unfortunately too simplified as detailed in 

the sections which follow. 

* 

Problems of Definition 

One of the greatest obstacles to the productive .invest igat '.on and 
understanding of stress Is definitional, 3 tress has been defined in at 
least throe distinot ways as noted by Appley : ad Trumbull ( 13 <'.)* 

1) On the stimulus side, the term has been used to describe 

v « 

situations characterized as now, intense, rapidly changing, 

3udden or unexpected. Also, stimulus deficit, absence of 
expected stimulation, highly persistent stimulation, and fatigue- 
producing and boredom-producing settings have alsi been described 
as stressful, as have stimuli leading to cognitive misperception, 
stimuli susceptible to hallucination, and stimuli calling for » 
conflicting responses. 


2) On the response sido, the presence of emotional activity 
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has been used post- facto to define the existence of stress > 


This usually refers to -any bodily response in excess of "normal 
or usual' states of anxiety, tension, and upset, or for that 
matter any behavior which deviates momentarily or over time 
from normative values for the individual in Question or for 
an appropriate reference group. Indices usod include sucl 
overt emotional responses as tremors, stuttering, exaggerated 
speech characteristics, and loss of sphincter control, or 
'such performance shifts as perseverative behaviors, increased 
reaction time, erratic performance rates, malcoordination, 
error increase, ari .fatigue. 

3) The existence of a stress state within the organism has 
alternatively been inferred from one or more of o number 
of partially correlated physiological indices (to bo detailed 
later) which can be usefully distinguished, from responses 
which are of the order* of overt performance. changes or ob- 
servable symptoms of emotionality, such as those noted above. 

The lack of consistency in defining stress needs further eon-' 
sideration. If it is to be a useful term in our investigation of bow 
environmental conditions affect performance, considerable theoretical 
.refinement must still ’be accomplished. Without a commonly accepted 
definition the problem of investigating the multitude of individual 
factors which can reduce performance efficiency is only replaced by the 

lack of comparability in the single study of the hypothetical construct,- 
"stress". . * ... •}? 


Given the problems of simply defining what is meant by the 


global term stress, we are further confounded by its measurement. 


pi#ll 




Several avenues have been investigated. Researchers typically seek 
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develop a condition which produces stress (again a definitional 
problem) and a measure which indicates its presence. These raeueuioc 
can be organized into at least three broadly defined and frequently 
overlapping categories which we will denote as tests of emotional 
response, psychological assessment, and physiological indices, Each 
is discussed below. 

Tests 'of emo tional response . This category focuses on the 
measurement of personality and its relationship to varying environ- 
mental ’conditions. It is assumed that alterations in the subjeotivo 
report or objective observations of the subject can be related to 
stress. Specific techniques include interviewing and direct ob- 
servation, self-report, and the uso of certain projective psychological 
instruments. For example, Funkenstein, King and Drolette 031) i nter- 
' viewed, subjects following a stress inducing task (repeating : i- re “ 

vicusly learned story while a feedback mechanism returned epeoen, 'fber 

** 

a do lay , through earphones). Rating measurements of anger, dir ected 
outward, uiiger, directed inwajpd, anxiety, etc. wore shown t*> be highly 
reliable and significantly correlated with a battery of other pcycno- 
logical and physiological indices. 

Questionnaires such as the Taylor Manifest Anxiety Scale, the 

1 Minnesota Multiphasic Personality Inventory' and the Edwards Personal 

Preference Schedule have been used to gain subjects’ self-reported 

stress ratings. While those are more indicators of intern;. I pressures 

and conflicts rather than external environmental stressors that cun 

be effectively used to judge the subject’s overall mental health and 

*>< 

response style to adverse conditions. 

Projective tests involve the presentation of ambiguous, un- 
structured material to the subjects in an effort to assess un- p 

conscious motivations and drives. The Rorsohacb Inkblot Test ahd ^ 
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the Thematic Apperception "Test are perhaps the two moat widely 

used tests of this type. Burch and Childers (132), Burns and 

Ziegler (133); and Walker and Atkinson (134) have used those 

instruments bofore and after stress to measuro the style of 

•response to different situations in a useful fashion. 

These types of assessment have very distinct advantages and 

disodvantages for stress research. They are useful in predicting 

response style to differing environmental conditions and may teil 
« 

us something what events are indeed stressful to the individual. 
However, they usually do not indicate the degiec of eff 'ct • Further** 
moi e , i/hey are not entirely suited for actual use in space as they 
require time out from the normal workday schedule and are not suited 
to the measurement of resi onse cbai’gos during the acturi stressful 
event. They are perhaps bast relegated to the selection .i.id training 
of astronauts . Here they can be used to better ass, ess an individual’s 


capacity for stress and to delineate what events may indeed bo stress- 
ful. It does not appear at present that these instruments will be of 
significant value during actual flights, but pre- and post-flight 
testing might prove worthwhile. 

Psychologica l assessment . This category includes many of the 
spocific types of tasks already detailed in' one of the f list sections 
of this chapter. Perceptual tests, motor tests, cognitive tests, and 
tests of attention have all been shown useful in assessing stress effects 
to varying degrees. The basic -paradigm typeiaily involves measuring 
t response to a particular task before, during, and after stress, in 
various combinations, and determining whether responses have changed 
which can logically be attributed to the supposed stressor. While 


useful in ground based, highly controlled experiments, this app^oaefy 

^ 

has been of genuine value. Much, of our current knowledge on the per- ■ sMi' 


formation effects of various Environmental parameters has come from 
this type of work. However, in the more complicated world of actual 
apaoe travel these types of indices become increasingly leas useful 
for isolating what specific factors from a myriad of environmental 
influences produce what specific effects. The need to more adequately 
study the interaction of different stressors is an issue of paramount 
importance and will be" detailed 'in the next major section. 

Psvchophy Biological indices . By far the most appealing 
’measures of stress for use in actual space flight are those included 

t 

in this category. The more quantitative nature of these variables 
and the potential for minute to minute, or hour to hour measurements 
has much to offer to the study of stress in space. The physiological 
study of stress is based on and supported by at least three specific 
cornerstones. The first, originally proposed by Canuon (135) and 
later demonstrated by nx ( 136 ), Slmadjian, Hoi*,, and Lurrcun (137), 
and others, holds that emergency reactions are mediated by aet'ons of 
the sympathetic nervous system. Measures of activity of this system 
(adrenalin, noradrenalin) Wave commonly been used in stress research. 

The work of iSelye (13$) provides the second concept. The General 
Adaptation Syndrome is mediated through the secretion of udreno- 
corticotrophic hormone (AGTH) by the pituitary gland which stimulates 
the adrenal cortex to produce and secrete steroid hormones producing 
changes including decreased lymphatic tissue and Alterations in 
protein, carbohydrate, and fat metabolism. Thus, the measurement 
of adrenal hormones and their derivatives as well as changes in 
circulatory lymphocytes and other peripheral hormonal effects are a 
second area of indices often examined in stress research. 

The third concept is based on measurement of activity in the 
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central nervotis system* According to Magoun (139) and others trie 
reticular formation receives information from collateral sensei y 
tracts and sends impulses to the cortex which regulates arousal and 
alertness. The assumption being that an organism under stress is more 
highly aroused. This approach has lead to the measurement of brain 
waves, heart rate, skin resistance, blood pressure, and several other 
indlceX in 'efforts to measure “the degree of psychophysiclogicai 
arousal coincident with various stressors. 

Nearly every major American space mission has analyzed some 

i 

data pertinent to these three areas of approach. For example, urinary 
catecholamines, heart rate, and respiration rate were measured on the 
Gemini VII and IX missions ta indicators of short and long-term stress. 
Brain wave patterns during sleep have been investigated during Gemini 
'VII and Sky lab. The use of psychophy siological techniques has been of 
great value in the study of stress in space, both, in monitoring the 

4 . 

existence of stress and in better understanding the mechanism. How- 
ever, this approach in and of itself does have certain disadvantages. 
As Lacey and Lacey (llpO) poiht out, subjects tend to differ in their 


responsitivity on different measures of stress. Each individual seems 
to respond to stress with a ’’hierarchy of activation" demonstrating 
* relatively overactive levels using certain physiological measures, 
average levels by other standards, and an actual underactivity using 


still others. Thus, no single measure can indicate the total arousal 


of the subject. Furthermore, even an extensive battery of measures may 
not be entirely useful in assessing a single aspect of the environment 

■ Sr 

and its potential stress effects. Since the autonomic nervous system 
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q£ the situation and the concurrent anxiety. These limitations 
point out the need for continued integration of various stress 
measures: subjective report, psychological data, and psycho- 
physiological data. 

These problems also point out the potential danger of 
assuming the existence of a generalized state called stress. It 
should*" a 1 w a y s"" b e~"r e me mb e r e*d‘ that stress is a hypothetical construct 
and may not necessarily be representative of something that exists 
in reality.. Researchers must always bo aware t..st particular situations 

i 

and environmental factors may not produce the same effects ‘"cross all 
individuals or even consistently within an individual. 

Voice analysis . One now index of stress that is in the de- 
velopment state is the use of auditory frequency spectrum analysis 
’or more simply, voice analysis. The (potential advantages of such a 

technique would be tremendous given that it is usually noninfcrusivo, 

* 

In the majority of s ituat ions* where we might be concerned about 
decrements in jperf ormance due to stress, some voice communication 
normally occurs. Therefore, 'it would not be necessary to add anything 
to the crew’s tasks or workspace to perform voice analysis. 

Presently the two most widely used detection devices have been 
‘ marketed by Dektor Counterintelligence and 'Security , Inc. end by 
Hagotb Corporation. Originally this equipment was developed as an 



aid to police and detective work, but has been extended to broader 


areas of stress research more relevant to our current interests. For 
example, Older and Jenny Ulpl) analyzed Skylab astronaut voice 
communications to determine situational stress. V lues from this 
analysis 'were correlated vith operational variables better known to 
represent varying degrees of stress. V.Tiile they did find some 
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statistically significant relationships, they concluded that the 
technique is not yet valid enough to warrant use in missions in tbs 
immediate future. Russian scientists Siminov and Frolov (1 1* 2 ) have 
performed similar teats with cosmonauts and report that substantial 
further work is required . 

V/hilo the present voice analysis state of the art is still 
relatively primitive, this may well prove to bo one of the rewarding 
techniques in the years to come. It is certainly on emerging ar >*a 
that deserves further consideration and one t:«nt space plumerc and 
researchers should support. 

Interactional Problems in the Study cf Stress 

So far we have generally addressed the problem cf stress and its 

effects upon performance by considering' individual environment a i 

factors in isolation. However, our greatest challenge in monitoring, 

♦ 

predicting, and 'controlling the adverse’ performance effects of 
various spaceflight factors is to do so in a complex operational 
setting in which combined environmental stressors may have entirely 
different interactional effects. Unfortunately, relatively few labora- 
tory studies have described the tolerance levels, phychopnysiological 
effects, or performance alterations which result from sequential or 
•simultaneous exposure to two environmental stressors. Fewer yet have 
tackxed tne research problem of three or more overlapping stressors. 
However, from the work of Broadbent and Dean, KcGlothlen and Monroe 
(143, 14*;>. 145) » one general point does seem clear. One cannot 
necessarily predict the effect of combined stressors by simply adding 
their individual effects together. In addition to 1! additive' ! effects, 
combined stressors may have synergistic effects in which the sum of i£$i 



combined stressors is actually greater than the effects of the 
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dividual factors alone* Such ‘an effeot baa been reported by Kogex, 

Keating, and Stern (11+6) in their work on beat and vibration. Whoa 

heat was investigated alone, the physiological parameter of reel'd 

temperature increased proportionally. Vibration of up to l5g when 

studied alone tended to lower rectal temperature. However, when beat 

and vibration were combined, rectal temperature rose in proportion 

to degree of “vibrational .stress boyofid tb« levels recorded for heat 

or vibration alone or according to an additiv • model. Combined stressors 

may also have antagonistic effects in which the effects of individual 

( 

factors may oppose each other when combined to produce a total per- 
formance decrement that is less than predicted from en edd'tive 
effect model. For example Clarke, Taub, Scheror, and Temple (11+7) 
found that +3*85 acceleration improves the visual perform- nee 
decrement associated with 11 Hz + G„ vibration. Loss of slee x and 

*“ A 

noise provides an* additional example. Wilkinson (.1 1| 6 ) found that 
sl<’Oi loss alone or increased* noise level alc ne, 1 , tl) produced 
large and reliable increments in performance errors, when loss >f 
sleep was combined with nois*e, the increase in toe percentage of 
performance errors was smaller than with loss of sleep alone. 

Tneae results highlight our need for better inform-.fon regarding 
the effects of combined environmental factors. Unfortunately, cair 
current knowledge is greatly lacking. Continued research in this 
area could be useful in better predicting how spaceflight stressors 
may influence performance under operational conditions. .Iso, as our 

*» • : 

knowledge increases, it mry be possible to produce beneficial combi- 
nations. If we are to better simulate and investigate the effects of 
long-term space travel on human performance, at some point our efforts •p-dj 
will surely have to focus on how the total environment affects the 
individual. The study of combined environmental factors and their 
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interactions would certainly’ put us a step closer to this Z'- 1* 

Summary of Streaa Researoh and Concepts 

The previous sections have shifted us away from the op.-v- r<*h 

of invostigatin individual stimuli (i. e., environmental factors) - 

response (i. g * , performance alteration) units to a model more. 

appropriately illustrated as stimulus-stress-response. The assumption 

is maTT6 tliat^the* use and study of "stress" may add something t- our 

knowledge of how the environment (both external and internal to w* 

individual) can influence porformanco beyond a simple study of 

{ 

stimulus-response units. Whether the use of this term .-.ad its 
associated implications is always the best approach is curt^inly 
a point of contention. While efforts to operationally define and 
measure this concept have led to contradictory results, the economy 
in theoretical terms seems great enough that Its continued usage 

seems likely. One point to be discussed in the next section is closely 

* 

related to the differences in models and ap. lj cations suggested l y 

stimulus-response theories and stimulus-stress-res- .©nse models 

« > 

just mentioned. This is the* notion that street* a genera lised 
phenomenon should be amenable to generalized training procedure .i . la 
other words, if a multitude of factors are known to >..rcduc- the state 
of stress, then training’ procedures known to reduce stress due to one 
type of factor may be useful in reducing others. ?ki 3 .U certainly an 
intriguing possibility and one that deserves discussion. 


^RIGRja t n Countermeasures For Spaceflight Performance 

poor of* 1 ® JS 

^ u ALixy Decrements 


This section will detail some ’.potential measures which may be 

* - 

•••;; s, useful in minimizing the problems of spaceflight performance decremen||;|v| 
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and optimizing the probability of sustained optimal performance 
levels. The emphasis is on new research areas or novel approaches to 


the question. 

General Versus Specific Training Techniques 


The question of general versus specific stress effects has 
tremendous, implications for astronaut training procedures. Recently 


the relevant literature shows a trend away from the generality or 


;ionspecificity notion of stress portrayed by Celyo (lev, 13 &) and 

r 

Killer (149) with major advances made through the recognition of 
the specificity of stress. Lazarus, Korcbin, Schafer ( 151 , 151 , 

15£> 153) • This implies that the most effective training procedures 
may be those that concentrate on specific environmental events and 
how to individually (and in combination) reduce their adverse effects 
upon performance. While more detailed discussion of selection and 
training procedures is available in a separate chapter, let us 


mention a few specific factors In this section which ruoi-e or ]ess 


directly relate to the maintenance of optimal performance levels. 


Motivation 


Probably the single greatest variable in d 0 1 ermining performance 
under a variety of conditions is motivation. There are apparently 


large numbers of potential hazards to effective performance in s^ace 


(space sickness, isolation, and confinement, noise, weightlessness, etc.) • 


which crews to date have been able to tolerate and minimize largely 


due to their high motivation levels and desire to accomplish mission 


goal's. To extend this asset to more long-term,, perhaps mundane, 


missions in space is truly a challenge. Assessing ways to enhance or 
maintain morale, dedication, and individual motivation for long periods 


may be ondVof our: greatest obstacles and certainly one of our grqatestl^| ; 
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arctic, in submarines, and in experimental isolation projects vn> 
knovf that subject compatibility, significant and novel wort:* as 
well as inter- and intra-subject personality components are int -nataly 
involvod in tbla issue, While further disoussion of this topic La 
reserved for other chapters, suffice it to say that effective i er- 
formimce is often contingent upon effective motivation, particularly 
In circumstances^ where a variety of environmental factors have the 
potential for adversely affecting performance. 

Hypnosis * 

As u count ormeasuro bo various conditions which iiw y jCv.>. ardiic 
sustained quality performance, the uso of hypnosis is a.* v f ton 
mentioned, but little researched phenomenon. 

Ilynnosis has been investigated \ thin the confines oi stress 
• research with often startling results. For example, Orne (151}) and 
others have demonstrated evidence that hypnosis can bo effectively 
used to i liminats the nornal'^phy Biological changes whicn . accompany 
the anticipation of dreaded .events . Through the suggestion tre t a 
real danger is not one, tha£ bhere is no threat when there ~s one, 
you can change the response of tno system even w\ on damage is in 
fact induced (155). While such a technique would uo.C t„ bo used 
judiciously, tb«"ve are certainly occasions in which reduced fear and 
arousal might prove extremely valuable to the comp let on of a bask 
during a crucial or overt Ly dangerous phase of the mission. Hypnosis 
could conceivable used to implant ideas for reducing fear and anxiety 
involving unknown situations or in directing attention to specific 
tasks to be performed undar stress. 

There is some empirical evidence 05^) to suggest tn it hypnosis 
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might also be valuable in training individuals to induce self-hypnoai%^j||l 




so that tney may bring about sleep when desired and awaken at any. 
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in an alert condition. This would have rather definite advantages 
over the use of drugs which rtufy produce unwarranted physiological 
side effects or residual effects upon perfc; m: *'co. 

Hypnosis could potentially enhance astronaut training procedures 
through the creation of "realism" in simulators. As Dorca3 (156) 
points out "subjects have been induced to perform asocial and 
dangerous acts, such as placing their hand in a container of 
supposedly poisonous reptiles or attacking their superior officer 

9 

who, they Were told, ( was an enemy agent." If hypnosis can produce such 
"illusions", it is not implausible that it could be used to persuade 
subjects that mock-up simulators wore at least partially real. This 
could aid in the development of bettor performance assessment tech- 
niques (given the greater generalizobility to actual operational 
conditions) and to better selection of astronaut candidates (given 
the opportunity to evaluate them under more "realistic" conditions). 
Negative Ion Concentrations 

Many claims have -recently been made that increasing concentrations 
of negative ions in air supplies can increase alertness and therefore 
overall performance. Likewise, it has been stated that higher con- 
centrations of positive ions can reduce alertness and retard performance. 
If and how this is accomplished is at present unknown, ’.vbile there 
have been reports which demonstrate statistically superior performance 
during exposure to elevated negative ion concentrations, tnese results 
seem suspect at best, given the rather unsophisticated nature of the 

• • v ® V .v 

experiments and the lack of control over a multitude of confounding g 
extraneous variables (157). Likewise, there are as many, if not more, 

negative results which add to the conflict. For example Barren and 

■ ... . 

, Byeher ; (1-56). tested Lockheed pilots under .varying ion concentrationSj,;#; 1 '’'-’- 
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but found no significant effects when measures of brightness 
discrimination, reaction time, card sorting and muscular steadiness 
as well as physiological and biochemical indices v/ere used. 

It is not our intention to support or deny any claims 
regarding the effects of ion concentration, but morely to point out 
that this -is -an -area wber a .further research is needed. If in fact 
superior effects can be produced using elevated negative ion con- 
centrations such a finding could bo of potential value to sq a^e 
• ( 

crew operator's porf6rming a variety of repetitious tasms. U wt »’ 
reasonable to state that while this is a b*gaiy controversies 
topic, it; is an area that should bo further explored to better : 
if verifiable benefits can be obtained and whether such effects 
have any potential relevancy to the requirements for sustained 
high quality performance during long-term space mission. 
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